
entire cornea is less conical, but a larger portion of thecentral area is more ectatic. In this form, abnormal
thinning of this ectatic region, and, in particular, of the
apex of the cone, is met with without exception. The
normal pressure of the upper lid, in marked or advanced
cases, is sufficient to distort the shape and outline of
the conical protuberance. Forcible contraction of the
palpebral fissure produces flattening of this region. Pres-
sure against this ectatic central region with a blunt probe
readily confirms that this region has a lesser resistance
and is easily indented. Surgical experience also fully
corroborates the rarefaction of texture at this point.
Clinical experience also confirms other points, and that
is that visible pulsation of the thinned area is noticed.
The surgical methods for the relief of conical cornea

are many and have long been practiced.
The obliteration of the conical protuberance by re-

peated cauterization with nitrate of silver and other
escharotics, led eventually to surgical measures which
accomplished this same object of cicatricial contraction
and opacity with a lesser amount of painful reaction
and danger and in a shorter period of time. For this
reason, the use of the thermocautery, and in particular,
galvanocautery, has superseded the older methods, and
this procedure is justly entitled to preference. More
than this, cauterization carefully practiced in selected
cases is at present considered one of the safest and most
useful surgical methods. Even if undertaken for no
other purpose than to transform the deformed but clear
central region into an opaque one without any definite
hope that a reduction of the conical deformity may be
brought about, a very desirable aim is accomplished.
The observation that after an accidental rupture of the

thinned central region, the scar which followed reduced
the deformity, led, especially on the part of French sur-
geons, of which Desmarres was a prominent advocate,
to repeated paracenteses, followed by compress bandage
and rest.
Early in the history of the surgical treatment of

conieal cornea, supplementary interference on the part
of the iris and lens was found necessary even in cases
in which the primary object was realized.. On account
of the large opaque area which followed, and not infre-
quently anterior synechias, it was found almost without
exception necessary to perform a small iridectomy.
The view current for a long time that the central

ectasia was a thickening of this portion of the cornea,
led to the suggestion, and also to the practical surgical
experiment of abscission of the prominent cone, excision
of wedge-shaped pieces of tissue from or near the apex
region, splitting of the cone by crucial incision, with or
without paracentesis, cauterization, tatooage, etc. All
these methods, however, were found to have a limited
application only. They were all fraught with great
dangers, and the returns irom such treatment, always
tedious and painful, were so unsatisfactory that such
surgical procedures were only practiced infrequently and
with the greatest hesitation.
In the early history of the surgical treatment of

conical cornea, the suggestion was made that removal
of the lens was a practical venture and accomplished a
most desirable benefit for the patient. This suggestion
was made and acted upon by Sir William Adams2 as
early as 1817. He had, in a case of successful cataract
extraction, in a woman with high myopia, observed that
she could see better without any, or required much
weaker convex lenses than are ordinarily worn by per-

2. Adams, Sir Wm.: Journal of the Sciences and the Arts.,
vol. ii, p. 403, London. 1817.

sons who had undergone an operation for cataract. He
recognized the high myopia so uniformly present inconical cornea and suggested and successfully practicedthe removal of the lens in a typical case. Useful vision
was restored in this case.

During a long interval of time, little or no progress
was made either in the perfection of old or the discovery
of new methods. Some surgeons condemned operativeinterference entirely and others practiced it only in ex-
treme cases. For iridectomy, iridotomy and iridenkle-
isis were substituted by some surgeons.The knowledge gained from surgical experience and
careful clinical studies of conical cornea enables us to
summarize briefly: That the surgical treatment of this
uncommon deformity of the cornea is attended by uncer-tainty and danger even in the most favorable cases.
Also, that it is without exception tedious. If it is under-taken with the hope of improving vision by reducing thecentral ecstasia through cicatricial contraction alone,
it will prove in most cases an unsatisfactory venture.
The simplest and least risky surgical method consists

of the discriminate and cautious use of the galvano-
cautery, supplemented, if necessary by an iridectomy,
iridotomy, or iridenkleisis.
Abscission or excision of the central ectatic region,

repeated paracenteses, are one and all most uncertain
in their final results. The most vicious resentment mayfollow the most cautious attempts of such surgical inter-
ferences and for this reason they should not be too hast-
ily resorted to.
Experience with the more desperate cases suggests as

the most rational plan of surgical interference: 1, the
removal of the lens by discission or extraction; this is
followed by superficial cauterization with the galvano-
cautery and tatooage—simply to render the ectatic re-

gion opaque, but not witn the hope or object of bringingabout greater resistance on the part of this locality, or,
what is less likely to occur, a better restoration of shape
and curvature of other parts of the cornea. This accom-
plished, it may be expedient to perform a small iridec-
tomy, placed in the locality in which it may furnish the
greatest possible good.
It must be remembered as an inviolable fact of sur-

gical experience that the most carefully guarded trau-
matism to the deformed or central region of the cornea
may be followed by fierce, and at times by fatal, reac-
tion. In conclusion, it may be stated that surgicaltreatment is justifiable in a certain number of cases, and
while not often one of imperative necessity, may be one
of practical expediency, which, however, only the judg-ment and experience of a surgeon must determine in
every case.

THE TREATMENT OF KERATOCONUS
WITH GALVANOCAUTERY.

HERMAN KNAPP, M.D.
NEW YORK CITY.

In 1892, I published five cases of keratoconus1 which
I had treated with galvanocautery.
Case 1.\p=m-\Operation was performed on both eyes. On the left

eye the apex was cauterized with a fine loop in an area of
2\m=x\3mm. and then pierced, so that the aqueous spurted out.
Healing was free from dangerous reaction, but slow. The
chamber closed and opened seven times. Before the operationpatient read J. 1 at 1" and with \p=m-\7D.20/200; eighteen months
after the operation he read J. 1 fluently at 10", and with \p=m-\4D.

Presented to the Section on Ophthalmology, at the Fifty-firstAnnual Meeting of the American Medical Association, held at
Atlantic City, N. J., June 5-8, 1900.

1. Arch. of Ophthalmology, Vol. xxi, p. 540.
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20/40. The right eye, on account of the slow healing of its
fellow, was cauterized cautiously and repeatedly until I saw
the aqueous just begin to ooze out. There was a good deal
of reaction, and the lens having become cataractous\p=m-\byover-
heating the aqueous\p=m-\hadto be needled. Recovery favorable.
Vision with +12D. +4cyl. 20/70. The recovery has re-
mained permanent. The young man went through Yale Col-
lege, stood high in his class, and is now a lawyer.
Case 2.—One eye only was markedly affected. Sn. No. 6

at 1". To avoid an irregular cauterization I had electrodes
made with a convex, slightly oval end-plate, which I placed on
the well-cocainized cornea, and withdrew it the moment it
became red. After this I pierced the center of the eschar
with a fine-pointed electrode. Undisturbed and rapid recov-

ery. Read No. 2 at 3"; with —4D. 20/70.
Case 3.—One eye presented a very slight cone, but the other

a marked one with a dense patch in the center, so that vision
was particularly abolished. Operation, July 18, 1891, as in
the preceding case, piercing eschar in center. No reaction for
eleven days, when the anterior chamber was restored. Re-
peated attacks of glaucoma followed, which pilocarpin re-
lieved. A telangiectatic adherent leucoma developed.
August 30, a violent attack of glaucoma, partially relieved
by eserin and morphin. September 1, downward iridectomy,
immediate relief, permanent recovery in a week. A year later
patient reads J. 1 at 4" and with —9D. 20/70.
The severe reaction in this case, and in the second

eye of the first, determined me to operate on the two
other patients without piercing the cornea.
Case 4.—L. E., J. 1 barely at 1". Operation Feb. 29, 1892.

No reaction. Improvement of sight considerable; at the begin-
ning of April, J. at 1*4". Cauterization repeated in the same
way in the same place. No reaction. Semitransparent scar
in ophthalmoscopy. September 17, 1892, I was told that her
eye had given her no more inconvenience. She read with the
naked eye J. 1 at 10". V. 20/50. Glasses no improvement.
Case 5.—The sixth eye is almost a repetition of the previous

one—L. E., J. 1 at 1"—and with —15D. 20/200. Two cau-
terizations, one March 10, 1892, the second March 23, 1892.
Permanent visual result, J. 1 at 10 to 12"; with —3D. —ley].
ax. 25°, 20/30.
To study the effect of the galvanocautery on the eyeI made experiments on eight rabbits (loc. cit.), which

showed that the reaction and the subsequent scar are
proportionate to the extent and intensity of the cauter-
ization. Moderate burnings, with or without perfora-tion, healed kindly and left circumscribed scars. Ex-
tensive and prolonged cauterizations were followed by
intense iritis, suppuration, and even sloughing of the
cornea. To the six eyes of keratoconus published be-
fore and here given in short abstracts I can add eight
new ones.
Case 1.—Miss Edna D. had marked conus in one cornea.

J. 1 at 1", 2/200 for distance without glasses, i. e., about
15/200 with glasses. Galvanocautery with disc-like electrode,
June 16, 1893. Some pain the first twenty-four hours; none
later. November 1, second cauterization. November 11 up-
ward iridectomy on account of central opacity. November 16,
reads No. 2 at 6". V. 20/200; with —3.5D. —2.5cyl. 20°,
20/70. No discomfort since.
Case 2.—Both eyes. Mrs. Mary F., Cohoes, N. Y., Kerato-

conus on both sides, with speck in right cornea. September 20,
1895, right J. 1 at 3"; left at 1%"; operated on both eyes.
Undisturbed recovery. Small optical iridectomy on temporal
side. October 8 and 31, 1895, R. Sn. 2 at 4", 6/200; with 5 D.
17/200. L. Sn. 6 at 4", 4/200; with —10D. 10/200.
Case 3.—Mrs. Robert B., Oceanic, N. J., aged 25. Kera-

toconus progressive in both, R. J. 1 at 3", L. J. 1 at 1"; with
her own glasses, R. —5 D. about 15/200; L. 4 cyl. 30° 20/50.
Operated on R. E. November, 1897. No noteworthy reaction.
Re-examined May 22, 1900. R. —8 D. —2 cyl. 30 ° 20/70.
Case 4.—Mrs. Bertha S., New York City. Keratoconus,

R. more than L. Came May 16, 1898. Thinks that L. has
been greatly worse after childbirth, three years ago. Now

R. J. 1 at 1", with —9 D. 20/200; L. 20/70, with —3 cyl. 45°,
20/50, J. 1 at 5". Right cornea, two small maculae at apex.Is positive that L. formerly was excellent. June 16, 1898,
apex touched with galvanocautry, perforated with pointed
electrode. Some secretion and pain. Slow healing. July 17,
wound closed with anterior synechia. Soon afterward greatpain occurred in eye, nausea, vomiting. Pilocarpin and
morphia gave relief. July 19, iridectomy upward; no reaction,
no pain, opacity smaller. Tn. and S. better, 20/70. Exam-
ined in May 1900. Eyes quiet. Right, adherent leucoma
downward, large artificial coloboma upward.
The following four eyes have been operated on ac-

cording to the method of Mr. Anderson Critchett, ofLondon. He burns at low heat a large area superficial-ly; then with a little more heat, a smaller area more
deeply, and lastly with a smaller point at a dull maroonheat somewhat deeper still stopping short of perforation.He thus creates two zones and a small central spot, thewhole bearing some resemblance to a concentric target.Over the area of the outer ring, where only the super-ficial layers are touched, tne cornea in almost every in-stance regains its former transparency. In only two
cases out of ten, on which Mr. Critchett has operatedby this his latest plan, has he found it necessary to per-form an optical iridectomy. The improvement in visionhas, of course, varied in degree, but in every instanceit has been very encouraging; in one case raised from
6/60 to 6/9, without any glass correction.2
Case 5.—Both eyes, Miss A. M. A., Watertown, N. Y. Eyesformerly very good. Now keratoconus, left more than right.

R. 20/200, l! 10/200, with crossed cylinders. R. =J. 1 at 4".
L. at 2". Point and opacity slightly below and down from cen-
ter of cornea.
The left eye was operated on November, 1899, as fol-lows: With a convex, disc-like burner at dull-red an

area reaching from the center of the well-holocainized
cornea down and outward about 4 mm. in diameter, issuperficially singed. Holocain is dropped in again.After a few minutes a smaller zone within the former
is treated the same way, and holocain dropped in again.Lastly the disc is placed cold on the cornea opposite theouter-lower quarter of a moderately dilated pupil, thecurrent is closed, and the disc withdrawn the moment
it is red. These three areas differ distinctly in color,according to the intensity of the effect. The center
appears like a dirty brown depression, as if in it the
whole corneal substance were destroyed, and the aqueoushumor kept back by the eschar. I was careful not to let
the upper limit of the cauterization go beyond the centerof the pupil, in order to obviate the necessity of a sub-sequent optical iridectomy.
The young lady immediately after the cauterization

saw 20/100 without glasses. This primary effect of
the cauterization is known. It may be owing not onlyto the flattening of the cornea which we notice at once,but also to the diminution of the aqueous humor. The
recovery was undisturbed. The sight was 20/100 (from10/200).
The right eye was then operated on in the same way.It recovered without disturbance like the other. Its

sight was raised from 20/20 to 20/70 with —2D.
Case 6.—Miss R. N., Bergen Point, N. J., keratoconus

slight, non-progressive in R. eye, L. marked and progressive.
R. =20/40; L. fingers at 6; reads J. 1 at 1"; with —20D.
=10/200, cylinder gives no improvement. GalvanocauteryFebruary, 1900. Recovery smooth. Sight good, namely, June2, 1900, with glasses =20/70. Reads J. 1 at 6". Nevertheless,
the cornea shows again a slight conical prominence, which
may make another simple cauterization desirable.8

2. From communication made at the Ninth International Con-gress at Utrecht, August. 1899.
3. Done in June, 1900, without reaction, and good result.
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Case 7.—Alcie A., New York, reads R. No. 1 at 1", and
has with —2D. S. =12/200. L. not impaired. January 17,
1900, galvanocautery. There was mild reaction from the
cauterization, which soon subsided. Patient was discharged in
eleven days; has not been seen again.
This makes a series of fifteen successive operations,

all of which were more or less improved, as the sub-
joined table shows at a glance. I should not omit to
mention that vision was noted as determined by glass-
corrections before and after the operations.

FIRST SERIES—VISION. SECOND SERIES-VISION.
Before. After. Before After.
1. 20/200 .20/40 1. 15/200.20/70
2. 20/200 .20/40 2. 6/200.17/200
3. 7/200 .20/70 3. 4/200.10/200
4. 1/1000.20/70 4. 15/200.20/70
5. 15/200 .20/50 5. 20/200.20/70
6. 20/200 .20/30 6. 10/200.20/100

7. 20/200.20/70
8. 10/200.20/70
9. 12/200. Unknown.

(Did well.)
The improvement of vision is not the only gain; the

greater gain is the arrest of the progress of the deformity
and degeneration.. Though we know that keratoconus
may become stationary at any stage of development,
we commonly notice that, at least in one eye of the pa-
tient, the cone not only increases, but the cornea on and
around the apex becomes patchy.
In my attempts at relieving keratoconus cases, I have

not had to deplore the loss of a single eye, but in many
cases the treatment by cauterization with silver nitrate
has been inadequate.
The superficial galvanocautery is not much better.

Seeing this, I, for a time, have thought that perforation
was a necessary factor in securing the desired effect.
The perforation in some cases was followed by bad con-
sequences : slow healing, repeated openings and closures,
anterior synechia, glaucoma. The cautious and pro-
gressively deeper cauterization with the galvanic current
has obviated these prejudicial consequences and proved
efficaceous. I am not unaware that my own cases, and
I dare say those of other ophthalmic surgeons, are not
numerous enough to warrant us against the occasional
loss of an eye, but feeling our way cautiously and sup-
plementing insufficiency of experience on man by experi-
ments on animals will make our practice safer and more
and more beneficial. In the manner of executing gal-
vanocautery in keratoconus I shall endeavor to observe
these two rules:
1. Never cauterize too deeply, and if the result of the

first operation be imperfect, apply the convex disc elec-
trode again to the place in which you want the subse-
quent cicatrical contraction to have the greatest effect.
2. Spare, if in any way possible, at least half of the

pupilary area. If we operate early, even in restricting
as we should our interference to the progressive cases,
we have to deal with a clear cornea, the reaction will
be least, and the visual result as well as the operative
effect greatest.
I need not say that we should not operate when the

least septic condition is present in the conjunctiva or
in the lids and surroundings of the eye, in particular in
the lacrimal sac.

DISCUSSION ON rAPERS OF DRS. SATTLER AND KNAPP.
Du. S. D. Risley, Philadelphia—There is probably no topic

in ophthalmology about which I feel like being less dogmatic
than the subject of keratoconus. My own management of this
affection has always been very conservative. Very early in myprofessional career I conceived the idea that it was one of
those affections that belonged to diseases of the anterior seg-

ment of the ball and was primarily dependent upon a diseased
condition of the uveal tract.
I think the treatment should depend on the stage of the dis-

ease in which we find the eye. If still progressive, which will
be indicated by the fact that the eyes are painful and the pa-
tient is suffering with severe headaches, we shall find more ben-
efit by insisting on a prolonged rest of the eye and enforcingthis by the use of mydriatics, using them alternately with
weak solutions of eserin or pilocarpin, and the use of a com-

press bandage in the earlier cases. With the idea of the dis-
ease that I had, that we were having a stretching of the ante-
rior segment of the ball instead of the posterior segment, as
occurs in the eyes of young myopes, due to a lack of nutrition,I have made much use of the bandage, filling up the spaces over
the closed lids with cotton, closing them for twenty-four hoursand when the bandage was removed using gentle massagethrough the closed lids. At night the bandage might be re-
moved to put in a solution of eserin, as strong as will be borne
without causing pain, and then renew the bandage after an in-
terval of rest. This was my early management of cases of
progressive conicity of the cornea, until such time as the head-
ache and tenderness of the ball disappeared, and then while the
pupil was still dilated I made careful measurements of the
cornea by the Placedo disc and then through the stenopeic slit
and otherwise gained the best visual results I could. I would
then allow the pupil to contract and go over the optical studyof the cornea again to pick out the best glass, often gettingthe best results with the crossed cylinders. It is usually a
matter of pure empiric-ism as to what glass will give the most
benefit.
I think conservatism in the treatment of these cases is in

the majority of instances better than surgical measures, espe-cially if we consider that it is a pathologic condition of the
cornea which is apt to be progressive and due to an impairednutrition of the eye itself. If time permitted I could present aconsiderable group of patients that had been thus managed,
some of whom have been under my care now for a good many
years, having been among my earliest patients.
I may say I have been greatly pleased with the visual results

that Dr. Knapp has just rehearsed in our hearing, for theyexceed the results that generally come from optical correction,but the cases I have referred to have been greatly improved bythe conservative treatment, One young man has just con-
cluded a college course and another is passing through his col-lege course now. Another man I recall at this moment is theprincipal of a large educational establishment in the central
part of Pennsylvania. He was absolutely unable to use his
eyes at all when he first came to me he passed through the
mydriatic and myotic treatment with compressed bandage, and
when he at times found the bandage intolerable he would take
it off for a while to reapply it when he felt better. His treat-
ment ran over a period of four or six months, and he has had
no trouble with his eyes, no asthenopia for years, but he dropsin occasionally to let me see him. During the past year there
occurred a slight change in the principal meridian of his left
eye, and I had to change the axis of a cylinder he had been
wearing for twelve years, a few degrees. He has gone back towork again with comfort.
Dr. Burnett—I would like to ask Dr. Knapp as to whether

the visual acuteness he announced was taken without the use
of glasses, or whether there was an optical correction.
Dr. Knapp—It was taken with glasses.
Dr. Sattleb—I would like to emphasize the point Dr. Knappmade in reference to cauterization, that it be limited to bare

perforation of the cornea. It may be repeated as often as
necessary.

Gelatin in Hematuria.—Schwabe reports in the Therap.
Monatsh. for June a case of hemorrhagic nephritis that was
unmistakably benefited by subcutaneous injections of a solu-
tion of gelatin below the clavicle on each side, supplemented
by a pint of a 10 per cent, solution of gelatin ingested during
the day. No red corpuscles were to be found in the urine by
the end of a week.
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